L
imited grazing land is available in Upper Mustang (28°47'-29°19' N and 83°28'-84°15' E) where species such as cattle, yaks, dzos, sheep, goats, horses, mules and donkey are dependent on it. According to Pokharel (2006a) , grazing land comprises of 55.65% of the total area of Upper Mustang. High speed wind continuously blows which has eroded most of the top soil leading to sparse vegetation. The rangeland is unique in the sense that despite being very dry, fragile and most part being barren; it harbours a large number of Transhimalayan flora and fauna. Vegetation such as Caragana spp., Lonicera spp., Stipa spp., Carex spp. and Kobresia spp. dominate most of the the pasture land. These rangelands support unique assemblage of rare and endangered species -Snow leopard (Uncia uncia), Lynx (Lynx lynx isabellinus), Himalayan brown bear (Ursus arctos) and Grey wolf (Canis lupus). Himalayan wooly hare (Lepus oiostolus) and Himalayan Marmot (Marmota bobak) are the common species that are dependent on rangeland. Birds like golden eagle and lammageier are commonly seen. Economically majority of the population of Mustang rely on agro pastoral system. However agricultural production is limited due to lack of sufficient water for irrigation and harsh climatic conditions leading to one crop per year. Forage production in the agriculture land is limited and very little forage is conserved as hay for winter feeds which only sustains for one or two months or even less in some of the areas. In the pasture grazing takes place throughout the year following traditional rotational system existing in the area. Information regarding the pastures in rangeland of Upper Mustang is very limited. Till date very limited research has been conducted on the species composition and its relations with the impact of grazing (Miller, 2002) . Researchers have identified that overgrazing in the rangelands is the main factor causing deterioration of rangelands (Miller, 1996; Schaller and Gu, 1994; Wang et al., 2002) . Similarly it was also found that species diversity and productivity are maintained by livestock and wildlife grazing in many highland pastures (Carpenter and Klein, 1995) . Grazers alter landscape heterogeneity (Belsky, 1992; McNaughton, 1985) , rates of nutrient cycling (Frank et al., 1998; Ritchie and Tilman, 1995) , vegetation composition, and productivity (Dahlberg, 2000; Eccard et al., 2000; Shackleton, 2000 Limited information is available on the species compositon, above ground biomass and its realations to grazing in a trans-himalayan rangeland. Its assessment is essential for long term conservation and management. In the present study, we compared species composition, phenology, diversity index and biomass between controlled (without grazing) and open (free grazing) plots to assess the effects of grazing in the selected experimental sites of Upper Mustang during July and November 2005. Species encountered were classified as high, medium, low and non palatable and in three lifeform categories-grasses, shrubs and forbs. The experimental sites are dominated by forbs (80%) followed by grasses (15%) and shrubs (5%). Disturbance caused by grazing affects the phenological characteristics of the plant community. Result also reveals that species diversity, maximum possible diversity, evenness and species richness was higher in the grazed plots during July and November. A comparison of the aboveground biomass in July showed that mean percentage biomass of high, medium and low palatable species is higher in ungrazed plots. In November, the percentage biomass of only medium palatable species was higher in ungrazed plots and rest of the category is higher in grazed plots. Significant difference in July, a peak growing seasons for most of the plant species in the region reveals that the pasture has impact of livestock grazing.
grazing in productive systems and decreases in nutrient poor areas (Huston, 2004) . Modifications in natural grazing regimes and land use change often lead to changes in biodiversity (Chapin III et al., 1997; Mooney et al., 1996; Vitousek et al., 1997) and vegetation structure (Eckert and Spencer, 1987; NoyMeir, 1979 NoyMeir, , 1993 Walker and Noy-Meir, 1982) . This paper describes how regularly grazed and totally ungrazed plots vary in species composition, phenology, diversity and above ground biomass. This work is a part of the broader ongoing research on rangelands conducted during 2005 in Upper Mustang.
Materials and Methods

Study site
The research was conducted in the Panga pasture of Lomanthang Village Development Committee (VDC) of Upper Mustang. Lomanthang VDC has forty four pasture units with a total area of 257.753 sq kms (Pokharel, 2006b ). The altitudinal range of Panga pasture is 4,000 -5,100 m. The climate of the area can be characterized as cold desert, desiccated by strong winds and high solar radiation. The climate is sub-alpine, and had a maximum and minimum temperature of 26.8°C and 9.9°C in July and 10.7°C and -5.8 °C in November of 2005. The whole area remains under snow for 4 -5 months from November to March. Total annual rainfall is less than 200 mm. More than half of the total precipitation occurs as snow during the winter months. The area is grazed every year by a flock of about 7000 including horse, lulu cow, yak, dzos, sheep, goat, mule and donkey. In addition to this, four nomads family reside in this pasture for four months during the summer season to graze yaks, sheep and goats.
Vegetation sampling
For assessment of the plant communities three ungrazed (controlled) plots, each of size1 m x 1m, were studied which were established during 2003 and 2004 by National Trust for Nature ConservationUpper Mustang Biodiversity Conservation Project. For comparative assessment between ungrazed and grazed plots, each open plot (1m x 1m) are spaced at 100m towards the north of controlled plot with the help of GPS. From each main plot, a sub plot one in north and one in south direction of size 20x20 cm were taken for study. Altogether, six subplots of ungrazed and six of grazed were studied during July and in November 2005.
Floristic compositon, phenelogy, Indices of species diversity, richness and evenness
The floristic components in the controlled and open plots were studied and types of species were identified and categorized as high, medium, low and non palatable species based on previous records (Chetri and Gurung, 2004) . Phenological characteristics of the species encountered were recorded.
The Shannon diversity index (H´; Shannon and Weiner's, 1963), H´ = 3.3219 {N log N -Sni log ni} N was used to measure diversity between controlled and open plots, where N = total number of individuals of all species, and ni = total number of individuals of a species.
Richness was calculated as the number of species recorded (Stirling and Wilsey, 2001 ). For measuring evenness there are several indices available (Ricotta and Avena, 2000) . In the present study, the most frequently used one; the Pielou index (J´; Pielou, 1975) is used. The Pielou index is described as J´ = H´/H max, where H´ is the Shannon diversity index and H´max is the maximum value of H´ (maximum possible diversity) in the community, if all the plant species are equally frequent. H max = 3.3219 logk, where k is the total number of type of species recorded.
Index of similarity gives the degree of similarity in terms of which species are present. It was calculated by applying formula given by Jaccard (Zobel et al.,1987) :
Where IS J = Jaccard's Index of Similarity, A = total number of species in one sample, B = total number of species in another sample and C = total number of common species in both samples.
Biomass -controlled vs. open plots
Plant species were cut close to the ground surface, separated on the basis of palatability and collected in plastic zipper bag. Fresh weight of the species based on palatability was measured on the spot with the help of Digital Balance . Unidentified species were clipped separately. A herbarium of the unidentified plant species was prepared for later identification. In order to reduce the moisture contents, the collected samples were air dried for 48 hrs and transported to Institute of Forestry, Pokhara for dry weight measurement. The samples were oven dried at 70°C for 24 hrs for dry weight measurement and the dry biomass percentage was calculated using the formula given by Zobel et al.1987 % dry Biomass = Dry weight/Fresh weight x 100 Independent sample t-test was used at p<0.05 in order to test the differences in biomass between the controlled and the open plots based on palatability. SPSS version 13.1 was used to analyze the data.
Results and Discussion
In the experimental plots of Panga Pasture of Lomanthang twenty species (17 belonging to 14 families: high-7, medium-2, low -6 and non palatable -2 and 3 unidentified species) were recorded. According to lifeform, forbs is dominating (80%) the experimental plot site followed by grasses (15%) and shrubs (5%) (Annex 1). During July majority of the species were in green stage (55%) followed by dry (19%) in controlled plots and in open 78% were green followed by 8% in flowering stage. The same pasture had 99 % and 100% species in dry condition in controlled and open plots respectively in November. The findings of the present study reveal that grazing also affect the phenelogical conditions of the species in the experimental sites. July is the peak flowering season for most of the species in Upper Mustang (Chetri et al., 2006) . During July in the controlled plot majority of the species has already reach maturity during the time of data collection whereas in the open plot species are encountered in the flowering stage. In November, observations are severely hampered by early snowfall. Table 1 represents plant species diversity (H´ diversity, maximum possible diversity, and evenness and species richness) in the controlled and open plots in July and November. In the open plots during July and November, H´ diversity, maximum possible diversity, evenness and species richness was higher in comparison to controlled plots. The species richness based on palatability of the species is also different; higher numbers of palatability types are in open plots (Figure1). The findings of the present study are in agreement with the generalization made by McIntyre et al. (2003) and Sternberg et al. (2000) that grazing increases the species diversity at small scale. But Pyeyo et al. (2006) reported that the plant community structure analysis is more sensitive than the diversity indices to grazing treatments. Table 2 ). In July, non palatable species was recorded only in open plots. However in November the percentage biomass of only medium palatable species (62.17 ± 44.07) was higher in controlled plots where as the case is just reverse for high and low palatable species. A large standard deviation shows that the measurements of the biomass are widely spread out from the mean. Independent sample t-test showed a significant difference in dry biomass between the controlled and open plots in July (t = 2.681, p<0.05) but no significant difference was found in November (t = -1.067, p>0.05) ( Table 3 ). The unexpected heavy snowfall during October has affected the vegetation composition of the pastures. Samples were taken after twenty one days when snow melted from the experimental sites. Thus actual biomass is underestimated as majority of the forbs which are in dormant stage are decayed by the melting snow and t-test failed to detect the differences between the compared plots. Compared to July less number of species are encountered in the plots (see Table 1 and Annex 1). Heaving grazing reduces aboveground biomass, which in turn decreases rainfall interception and increases infiltration and bare soil evaporation (Aguiar and Sala, 1999; Klausmeier, 1999) . Another possibility is that changes in the aboveground litter inputs cause changes in the belowground flora and fauna, which have been shown to affect plant growth (Hooper et al., 2000) . Changes in species distribution, compositon and structure have also possible implications for wildlife due to reduced forage bimass and higher relative abundances of unpalatable species (Metzger et al., 2005) . Local people claim that rainfall is in decreasing trend since last two decades and snowfall does not occur on the right time of the year i.e November to February (Pokharel, 2006b) . These factors along with weak traditional rotational grazing practices have affected most of the pastures in Upper Mustang. As majority of the pastures in Upper Mustang are dominated by annual plants, forbs and sedges timely rainfall and snowfall are the critical factors for the growth of the good quality vegetation in the rangeland.
Conclusion
In the Panga pasture of Lomanthang, species diversity, maximum possible diversity, evenness and species richness were higher in the grazed plots during July and November. Percentage biomass of high, medium and low palatable species is greater in controlled plots. Significant difference in July, a peak growing seasons for most of the plant species in the region reveals that the pasture has impact of livestock grazing. In addition, climate also played a critical role for maintaining good quality vegetations in the rangeland. In future similar type of studies is thought essential; experimental plots sites need to be distributed at different altitude and data need to correlate with other parameters such as soil and climate in order to draw a holistic conclusion. Such type of research will give a wide picture on how range productivity and plant communities respond to soil and climate properties and also the affects or benefits from livestock grazing. These informations will be helpful for the managemet and conservation of Trans-himalayan rangeland. 
